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A recently developed, organic tracer-based method was used to estimate the secondary 14 contributions of biogenic and anthropogenic precursor hydrocarbons to ambient organic carbon 15 concentrations in PM 2.5 during 2006 in Research Triangle Park, North Carolina, USA. Forty-six 16 ambient PM 2.5 samples were collected on a one in six schedule and analyzed for (1) secondary 17 organic aerosol tracer compounds, and (2) levoglucosan, a compound used as a tracer for 18 biomass burning. For isoprene, α-pinene, β-caryophyllene, and toluene, the secondary 19 contributions to ambient organic carbon concentrations (OC) were estimated using measured 20 tracer concentrations and previously established, laboratory-determined mass fractions. The 21 estimates show secondary formation from these four hydrocarbons contributes up to 55% of the 22 ambient organic carbon concentrations (Julian day 197) when OC was 5.98 µg C m -3 . The 23 relative contributions are highly temperature dependent; estimates of particulate carbon from 24 isoprene and α-pinene precursors peaked during the warmest days, and represented up to 40% 25 and 10% of the measured OC, respectively (Julian days 197 and 191) . Conversely, biomass 26 burning represented up to 21% of the organic carbon concentrations on the coldest day sampled, 27
Julian day 329, while contributions of secondary organic carbon from these four precursor 28
hydrocarbons remained low at 4% of the measured 2.55 µg C m -3 OC. 29 30 31 32
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Introduction 36
The presence of fine particulate matter in the atmosphere leads to visibility reduction (Sisler and 37 Malm, 1994) and changes in radiative forcing that may affect the global climate (Charlson et al., 38 1992) . Furthermore, it has also been demonstrated that exposure to PM 2.5 is correlated with 39 increases in human mortality and morbidity levels (Schwartz et al., 1996) . To reduce these 40 adverse ecological and health effects, cost effective control strategies are required to reduce the 41 emissions of (1) organic and inorganic aerosols and (2) gas phase organic and inorganic 42 compounds contributing to PM 2.5 through secondary aerosol formation. While the inorganic 43 composition of ambient PM 2.5 is reasonably well established, and the sources have been 44 identified, more than one thousand organic compounds have been identified. However, the 45 fraction of organic compounds identified in ambient PM 2.5 samples still remains at most 30% 46 (Pio et al., 2001) , thus complicating efforts to identify major primary and secondary sources. In 47 6 All samplers were placed on a wooden platform with inlets located 3 m above the ground. Field sample filters were Soxhlet-extracted for 24 h using the 1:1 dichloromethane/methanol 144 mixture. Prior to the extraction, 20 µg each of cis-ketopinic acid (KPA) and d 50 -tetracosane 145 (TCS) were added. Extracts were dried and then derivatized with 250 µL of bis-(trimethylsilyl)-146 trifluoroacedimide (BSTFA, with 1% TMCS as a catalyst) and 100 µL of pyridine. Samples 147 were heated to complete the derivatization reaction and then injected onto the GC-MS without a 148 further reduction in volume. GC-MS analysis was conducted with a ThermoQuest GC (Austin, 149 TX) coupled to an ion trap mass spectrometer. Compounds were separated on a 60-m-long, 0.257 mm-i.d., 0.25-µm film thickness RT X -5MS column (Restek, Inc., Bellefonte, PA). GC-MS 151 analysis conditions are described in detail by Jaoui et al. (2006) . 152 153 The mass spectral analysis of the tracer compounds has already been described (Jaoui et al., 154 2005; Kleindienst et al., 2007) . The compounds used as tracers are the following: isoprene 155 tracers: 2,3-dihydroxymethacrylic acid, 2-methylthreitol,2-methylerythritol; α-pinene tracers -156 3-isopryl pentanedioic acid, 3-acetyl pentanedioic acid, 3-acetyl hexanedioic acid, 2-Hydroxy-4-157 isopropyladipic acid, 3-Hydroxyglutaric acid , 2-Hydroxy-4,4-dimethylglutaric acid, 158 3-(2-Hydroxy-ethyl)-2,2-dimethyl-cyclobutane-carboxylic acid, pinic acid, pinonic acid; toluene 159 tracer -2,3-dihydroxy-4-oxopentanoic acid; biomass burning tracer -levoglucosan. Since no 160 standards exist for the majority of these compounds, the concentrations of all of the tracers were 161 estimated assuming unity response relative to ketopinic acid, which was selected as the surrogate 162 for SOA tracer compounds because it is not found in atmospheric samples, has a distinctive mass 163 spectrum, and is readily derivatized with BSTFA (Jaoui et al., 2004) . However, levoglucosan 164 was measured using an authentic standard. GC-MS analysis for the tracer compounds was 165 conducted using the total ion chromatogram or, in cases where co-elution occurred, by a selected 166 ion technique described in detail by Kleindienst et al., 2007 . For determination of elemental and 167 organic carbon content, a 1.5 cm 2 portion of the 47 mm quartz filters was analyzed using the 168 offline thermal-optical method described by Birch and Cary (1996) Table 3 including isoprene (I-1 through I-3), toluene 186 (T-3), and β-caryophyllene (C-1) and α-pinene (A-1 thourgh A-7 along with pinic acid and 187 pinonic acid). Compound identifications and names (e.g A-1) are consistent with those 188 previously described by Kleindienst et al., (2007) The three isoprene tracer compounds from Table 1 led to SOC contributions in PM 2.5 ranging 222 between 0.0 and 1.4 µg C m -3 , summary statistics for which are given in Table 4 . For α-pinene, 223 the nine tracer compounds led to SOC contributions ranging up to 0.53 µg C m -3 . Using the 224 same procedure, the SOC contributions for toluene and β-caryophyllene were found to range up 225 to 0.46 µg C m -3 , and up to 0.02 µg C m -3 , respectively. In addition, the contribution of biomass 226 burning to ambient PM 2.5 ranged from 0.0 to 0.53 µg C m -3 . Finally, the difference between the 227 measured OC and that accounted for by the above procedure α-pinene and isoprene are the largest contributors. For α-pinene, the nine tracer compounds led 286 to SOC contributions ranging from 0.2 to 0.8 µgC m -3 . For isoprene, the three tracer compounds 287 gave SOC contributions in PM 2.5 ranging between 0.2 and 2.7 µgC m -3 . Using the same 288 procedure, the SOC contributions for toluene and β-caryophyllene were found to range from 0.0 289 to 0.4 µgC m -3 and from 0.1 to 1.2 µgC m -3 , respectively. Thus, total SOC carbon concentrations 290 ranged between 0.7 and 3.6 µgC m -3 for the four SEARCH sites. Average wood burning 291 contributions were fairly consistent across the region, ranging from 0.9 to 1.7 µgC m -3 . When 292 these results are considered in conjunction with estimates of primary organic carbon, 70% of the 293 OC in Birmingham, an urban location site with a high concentration of heavy industry, was due 294 to POC and 30% was from SOC during the study period. Similarly for Atlanta, GA, which while 295 urbanized, has fewer industrial sources than Birmingham, the POC fraction was also about 70%. 296
By contrast, for the less urbanized Pensacola, FL site, the fraction of POC was approximately 297 60% and for the rural Centerville, AL site, the POC fraction was less than 40%. 298
299
In a similar study, Stone et al. (2009) compared SOA source contributions during the summer 300 months of July and August at Detroit, MI, Cleveland, OH and Riverside, CA using the organic 301 tracer technique described above in conjunction with organic tracers of primary emission 302 sources. In Cleveland, 46% of measured OC was from biogenic and anthropogenic secondary 303 sources, and in Detroit 37% of the OC was from secondary formation. In Riverside, 26% of OC 304 was from secondary formation, while > 50% of the measured OC was unexplained but expected 305 to be from unidentified secondary formation processes. They suggest that the differences 306 between the two mid-west cities and and Riverside, indicate that additional SOC sources or 307 mechanisms of formation may be needed to explain the majority of SOC in the Los Angeles Air 308 Nashville, Tennessee during 1999, which were performed when the other major source of 347 biogenic OC, biomass burning, was expected to be low (Lewis et al., 2004) . 348
349
The analyses of ambient PM 2.5 data using this organic tracer approach, while taking into account 350 SOA from isoprene, α-pinene, β-caryophyllene, and toluene, does not include the contributions 351 of other high volume monoterpene, sesquiterpene and aromatic hydrocarbon SOA precursors. 352
Eventually, tracers and mass fractions will be needed for each of the additional hydrocarbons 353 that contribute significantly to SOA formation in Research Triangle Park, NC. However, it is 354 important to note that α-pinene is the major monoterpene emitted from loblolly pine, the 355 dominant pine species in the Southeastern U.S. (Geron et al., 2000) , and is expected to be the 101  107  113  119  125  131  137  143  149  155  161  167  173  179  185  191  197  203  209  215  221  227  233  239  245  251  257  263  269  275  281  287  293  299  305  311  317  323  329  335  341  347  353  359 Other OC Biomass Burning OC BCP SOC Toluene SOC A-pinene SOC Isoprene SOC
